The paper applies the Data Envelopment Analysis as a deterministic non-parametric method based on the linear programming, to measure the effi ciency of Slovak hospitals based on input and output performance. Managing physician or hospital practice patterns is an important tool to reduce health care costs. State-run hospitals, as decision-making units working in an operating healthcare system of the country, might have some excess resources in the process of providing care. It is also e-health tools which might contribute to the cost containment in them, enhancing fi nally the quality of patient care in the overall assessment.
INTRODUCTION
Effi ciency measurement of decision-making units, be it in private or public sector, along with identifi cation of ineffi ciencies of the sources being examined is a key prerequisite for performance improvements in a competitive setting. A decisionmaking unit (DMU) might be generally understood as a unit producing any inputs or outputs, i.e. an automotive company, bank as well as public accounts, school or a hospital. The point of view can be micro-or macroeconomic, depending on the level of approach and level of aggregation of our inputs, outputs or DMUs.
Evaluating the performance of institutions of public sector such as a hospital is a task which has been of great interest to health care managers, administrators and government, even though effi ciency of banking sector is a dominant area of research of effi ciency based on the DEA in the literature (JABLONSKÝ, DLOUHÝ, 2004) . It is not only in the wake of the recent fi nancial crisis and associated budgetary constraints which do contribute to ever-increasing drive for optimal resource utilization, but it is primarily a general pressure on cost containment and resource constraints in the health care sector and hospital network in the recent decade. These measurements and fi ndings have direct policy implications aiming at re-allocation of sources or rationalization of working capacity or even disappearance of hospitals subsequently to be merged into bigger health care institutions both in rural and urban areas.
It is especially the WHO report (WHO, 2000) with its fi rst ever indicator-based "Health system performance" ranking of all member countries, which in turn has obviously had spin-off s in the area of effi ciency observation of health care sectors and health systems as a whole ever since. This paper presents a basic DEA analysis on selected acute care university hospitals and other hospitals in the Slovak Republic. Data of most recent selected years from 2006 have been used from public and non-public statistical databases (NCZI, 2014) .
At the same time, authors are simulating potential positive shi in effi ciency performance of selected hospitals based on empirical results from other studies on electronic healthcare, e-health. A great deal of infl uence in implementation of electronic healthcare is attributable to the ineff ective and ineffi cient clinical procedures, still done as paperwork. (GARNTER, 2009; EMPRIRICA et al. 2009 ). An increasing amount of medical and/or clinical errors resulting from the lack of information o en leads to harming the patient, or endangering his life in the worst scenario. With e-health tools like electronic prescriptions, electronic health records, supported by knowledge-based data mining processes, to name the most important, are expected to contribute to the optimization or resources, reduction of medical errors and duplicities and even deaths. e-Health tools, when fully implemented, have the potential for increasing effi ciency in the process of health care provision. (For more, refer also to the European Commission, 2004).
METHODOLOGY OF ELABORATION
In relation to the goals of the paper the methodology comprising the logical methods, the method of modelling and the comparative method have been applied. Based on the common technique applied in similar underlying studies (BITRAN et al., 1987; HARRISON et al., 2004; BARNUM et al., 2011) . We have identifi ed basic inputs and outputs for selected acute care hospitals in Slovakia in order to carry out the Data Envelopment Analysis (DEA). Some indicators to be observed needed to be derived and recounted from the statistical database of the National Health Information Center of the Slovak Republic (NCZI) for the years of 2006 and 2009-2012. Data inputs have been calculated in 2012 prices. Subsequently, the effi cient scores using the variable Banker-Charnes-Cooper (BCC) model designed by Banker. (BANKER et al., 1984) . The basic CCR model by Charnes, Cooper and Rhodes (CHARNES et al., 1978) was not used since, understandably, we are generally not assuming constant economies of scale in hospitals in terms of a linear increase of outputs when increasing the inputs and vice versa (JABLONSKÝ, DLOUHÝ, 2004) . Simultaneously, we have identifi ed potential savings when selected e-health tools are fully implemented in Slovak hospitals 1 . A erwards, selected hospitals with these new optimized inputs and outputs through electronization of processes were added as new separate DMUs to simulate the potential of effi ciency improvement of these hospitals. In doing so, with regard to the complexity and extent of the issue, it was necessary to apply abstraction in certain aspects pertaining to the absence of a detailed impact-study of full deployment of e-health in hospitals. The method of induction had to be applied as our e-health savings are derived from outcomes of various independent clinical trials on e-health around the world. (GARTNER, 2009; SHEKELLE et al., 2013; SHOJANIA, KG et al., 2001) . For the purpose of this study, we derived some selected assumptions in e-health savings in hospital environments since real data for Slovak hospitals will be available post the implementation in Slovakia, which will be the case not earlier than in late 2017 or 2018 provided that the current implementation model of fundamental e-health applications 2 is seamlessly implemented with no other postponements. Finally, we summarize the observation, designing a set of recommendations.
Health Flows
The health care services and provision involves incorporating together a large number of resource inputs to deliver an extraordinary array of diff erent service outputs. Few manufacturing processes, if any, match the variety and the rate of change of production possibilities like those processes being taken place in the healthcare sector.
In order to understand the fl ows which are realized in the healthcare sector, all the more to analyse them, it is crucial to identify basic factors intrinsic to every health care setting, i.e. key inputs BANNICK, 1995 and EMPIRICA et al., 2005 and outputs. There is no unchanging position on either side of the health care production process for these items. Each of them might be found on the opposite side to each other depending on the methodology we use or point of view we apply. (CHILINGERIAN, J. A., 1990; CROLL et al., 2007; EMPIRICA et al., 2005) .
Some basic inputs and outputs within the health care production process are presented in the Fig. 1 .
DATA AND METHODOLOGY
Measuring effi ciency or performance of a decision-making unit (DMU) is possible through several partial methods such as productivity, average return on equity, profi tability.
Within the evaluation presented in this paper, we are applying the data envelopment analysis which is based on the behaviour of indicators, ratios. With DEA we are producing the empirical production function. The DEA as a method for measuring effi ciency is based on methods of linear programming which came into use in the 1970s. (BITRAN, G. R., VALOR-SEBATIER, J., 1987) . It is Farell who is considered to be the fi rst pioneer of a convex envelopment curve. This new measure of effi ciency was based on the calculation of two components of the overall effi ciency, the technical and price/allocation effi ciency.
The technical effi ciency, on which the variable input-ouput BCC model is based and which is employed in this paper, is defi ned as an ability of a decision-making unit to produce the maximum output with the inputs available. This can be represented by the equation:
TE ....input-output oriented technical effi ciency, Q ......DMU in the point of Q is technically effi cient, lying on the isoquant curve. Allocation effi ciency is the ability of a DMU to combine the outputs in such combinations so as to be optimal in relation to the inputs. Similarly, the range of scores of the allocation effi ciency is also within the interval <0;1>.
RQ ...is a point representing the reduction of the production costs which are attainable at the point Q which is effi cient in allocation and technical redistribution. Economic (overall) effi ciency -is a measure comprising both the technical and allocation effi ciency in the relation of multiplication. According to which goal a DMU is aiming at, it is referred to as the cost effi ciency (in the cost minimisation effi ciency approach) or revenue effi ciency (in case of the maximisation of returns). It is a measure representing both technical and allocation effi ciency.
RP ....distance representing the cost reduction. At the same time, the DEA is based on the measure in which a DMU (a hospital) is able to realize too few inputs or too many outputs. This is why the positive values tell of the measure in which a variable contributes to the overall score of effi ciency. Thus Ozcan, et al. (OZCAN, Y. A. et al., 1992) interpret the measure which fi nds out which factor (input or output) is to be considered when seeking to increase the effi ciency. (BANNICK, R. R. and OZCAN, Y. A., 1995; OZCAN, Y. A. et al., 1992) . Algebraically expressed:
Eff ( T .... pricing of outputs through vectors. The technical effi ciency in this paper is assessed on the data fl ows of the sample of Slovak hospitals in the MaxDea Basic 6.1 so ware, using the radial model of the DEA input-oriented BCC analysis.
e-Health Benefi ts Assumptions
To simulate the potential of e-health implementation in hospitals, we are drawing on the results from clinical studies of GARTNER (2009); SHOJANIA et al. (2001) , and its revised version by SHEKELLE et al. (2013) , and on random samples and data mining-based analyses of all the three Slovak insurance companies 4 . Only conservative estimations have been applied in this paper.
Preventable Bed-days, Length of Hospitalizations
There are several e-health tools which are intimately linked with the reduction of the length of stay in the hospital such as electronic health records, hospital business-intelligence systems, electronic prescriptions and other computerbacked systems. We do refer to the most important ones, incorporating them into our e-health models.
Based on several studies, primarily on observations of the AMERICAN THORACIC SOCIETY Documents (2005) and HEALTHCARE INFORMATICS (2007), we made an estimation that 5% of all admissions are associated later with hospital-acquired infections (HAI). One admission is unnecessarily extended for 5 average bed-days. With data-mining and business intelligence-backed e-health tools introduced, 3.1% of incidents due to HAI are reduced (GARTNER, 2009) .
Unnecessary bed-days may also be prevented if the patient has the optimal medication, i.e. if he or she takes the right medicines. If a physician prescribes a medicine F to a patient, not knowing that the patient is already taking medicines A-E, or even he knows he does not notice for any reasons that the substance X1 of the medicine F may be in the interaction with the substance X32 of the medicine E, an adverse drug event (ADE) may occur with serious unfavourable health consequences for the patient. ADEs occur in the wake of consumption of drugs which should not have been prescribed on account of an interaction(s) with another medicine (BATES et al., 1997; AAHERN et al., 2006; BABEĽA et al., 2008) . ADEs occurring during hospitalization are common. (SHEKELLE et al., 2013) Using computerised physician/provider order entry (CPOE) and clinical decision support system (CDS) by means of a database on medicinal products. 6 Half of medication errors occur when a medicine is being prescribed. Reported studies refer to the 55% decrease of medication errors and 17% decrease in preventable ADEs as a secondary outcome. (SHOJANIA, K. G. et al., 2001; BATES, 1995) . Another study by SMITH (2004), found out that 1.8% of all admissions (hospitalizations) are due to or associated with ADEs. The average number of bed-days per ADE is 4 to 11 days (GARTNER, 2009). We opted for a conservative number of 5 bed-days. Therefore, we estimated that a total number of (1.8 × 5) bed-days may be reduced if CDS and CPOE are introduced and applied together. Each input of bed-days has been reduced in hospitals in our models respectively.
The CPOEs and electronic patient's record do also contribute to the reduction of average length of stay (bed-days) through quicker retrieval of tests and other medical information in the electronic form resulting to a quicker discharge of a patient. The 7% reduction is estimated by BUELL (2007), and in our model too, even though considerably more time might be saved in practice.
Every tenth hospitalisation is associated with a cardiovascular chronic diseases (NUSCH, 2003) which might be prevented through better prevention, in which telemedicine and home health monitoring of the patient plays an important role. Cardiovascular chronic diseases represent around 50% of all chronic diseases. The reports by WHO and OECD do also aim at the area of prevention of chronic diseases associated with unnecessary hospitalizations. DARKINS et al. (2008) , does also confi rm that at least 25% of bed-days due to chronic conditions could be reduced through better systems of tele-monitoring.
Full Time Equivalents (FTEs)
A study by BLACK et al. (2011) , found out that with the electronic health record (EHR) of a patient, a total amount of ca. 22% in clinical staff productivity (measured as FTEs by hospitals for statistical purposes) may be saved through reduced time in searching, retrieving and capturing information about the patient's medical history. Hence in our hypothetical hospitals with e-health tools being implemented we estimated the 22% reduction in FTEs.
4 A complex non-public cost-benefi t analysis had to be assembled, some data of which cited in this paper are based on data inputs from three Slovak health insurance companies. The whole CBA is available to the authors of the paper. The analysis is being continuously updated during the life cycle of the project from the start of the e-health implementation in Slovakia in 2009. Partially, some pieces of aggregated data and summary information are available on the Slovak offi cial e-health information portal on URL: <http://www.ezdravotnictvo.sk/Documents/NZIS.pdf> or on the portal of the Ministry of Finance of the Slovak Republic on URL: <http://informatizacia.sk/index/open_fi le. php?ext_dok=13237>. 5 It means that if a study proved e.g. a direct reduction of hospital-acquired infections between 5-10% of all admissions, the lower conservative value of 5% was applied for our calculations. 6 The CPOE are in wide use nowadays. However, the CDS are still rare.
Cost of Medicines Prescribed
There are several studies looking into the potential of electronic prescription and medication. (GARTNER, 2009) Slovak health insurance companies do also regular calculations and estimations on potential unnecessary medicines which did not need to be prescribed since a patient either does already have the drug in his possession or simply there is no need for it at all because another medicine taken regularly by a patient has the positive side eff ect needed to set in. Even though some studies prove higher numbers, we estimated that at least 10% of medicines prescribed 7 during a hospitalization or within the outpatient care in a hospital (clinic) might be saved if the EHRs were fully implemented in the health system.
RESULTS
We collected data from Slovak acute care hospitals (n = 102) of which 13 are state university or teaching hospitals and 89 other hospitals or specialized hospitals. A er the selection of institutions for which data were available we chose 48 state hospitals with non-missing data from internal statistical database of the National Health Information Center out of which 13 are university hospitals.
Input Measures
The input measures used in this study were number of beds (Beds (n)), full time equivalents representing working hours and overtime hours of physicians and nurses (FTEs (h)), bed-days (B-Day (n)), cost of medicines and medicinal products in EUR (MMD (€) ).
In general, number of beds of a hospital is considered a measure of a hospital's size. Bed days are counted as days during which patient received all services which are provided by the institution. The medicines and medicinal products are being prescribed and administered to patients during their stay in the hospital.
In addition, there are also counted two ratios of bed days to hospitalizations and cost of medicines and medicinal products to hospitalizations. Higher ratios are generally to refer to a more ineffi cient use of inputs than lower ratios even though exceptions may apply, which we discuss later.
Output Measures
In our model, the output measures are represented by number of hospitalizations (Hosp (n)) and outpatient visits (OutVis (n)) in hospitals. All hospitals do also off er outpatient one-day services without a need for hospitalisation.
DEA Models
Technical effi ciency of the hospitals in this study was examined using decreasing returns to scale (BCC model) since we assume that in general an increase in bed capacities or of any other input does not necessarily lead to a higher number of hospitalization. Hospitalizations and outpatient services are considered to be stable in a region. Understandably, their demand is not driven by changes in inputs of a hospital. It is the inputs which are expected to be optimized in the process of the provision of health care.
We run 6 DEA models to count effi ciency scores in time. In two years, 2009 and 2012, we hypothetically assumed that e-health tools, as described above, are implemented in those of 13 university hospitals which did not reach effi ciency scores of 1. The same applies to the year 2012. These two models are referred to as e-2009 and e-2012 respectively.
We decided to 'theoretically' implement electronic healthcare only in university hospitals which are the biggest in size and provide the highest amount of medical services in Slovakia. Running a model with e-health tools implemented in all hospitals would be useless since weights counted in the radial BCC model would be the same.
The Tab. I represents the development of effi ciency scores in our four input/two output BCC model. University hospitals are marked in grey. Names of hospitals are in English followed by their Slovak equivalent separated by an underscore.
Tab. II represents basic statistics of real effi ciency scores of 48 hospitals in 2012. 17 hospitals were selected as effi cient. The average inputs of effi cient hospitals are higher than of ineffi cient hospitals. These hospitals do count higher number of hospitalizations too. This might prove that the concentration of healthcare occurs in bigger hospitals in urban areas. This is primarily attributable to the economies of scale.
In Tab. III there are presented basic statistical outputs for a semi-hypothetical model of 48 Slovak hospitals. In the total of 8 out of 13 university hospitals, identifi ed as ineffi cient (refer to the Tab. I), were theoretically introduced e-health tools. e-Health was not implemented in the effi cient hospitals, even though this would not be true in practice, in order not to aff ect the overall weights of the model used in computations by the so ware. The result scores of other hospitals are almost unaff ected. Referring fi rst to the Tab. I we see that effi ciency scores rose in these electronized hospitals (marked in bold). Even though none of them reached the effi ciency level of 1, all of them came nearer to the highest level of effi ciency.
By the results of the Tab. III we see that the average numbers of FTEs, bed days and MMD input measures, all of the inputs aff ected by the implementation of e-health tools, decreased when compared to the Tab. II, which proves that electronic health care contributes signifi cantly to higher technical effi ciencies of hospitals, as proved by many studies and clinical trials some of which are mentioned throughout this paper.
Mean with virtual inputs is a projection based on our radial BCC model computed by so ware which denote the desired amount of inputs in order that each hospital may be identifi ed as technically effi cient. in the e-health model 'e-2012' in III we see that e-health tools lead to the optimization of resources in hospitals, and higher levels of effi ciencies are reached. Fig. 3 illustrates a graphic representation of e-health impact upon university hospitals in 2009 and 2012 in Slovakia. Scores of effi ciencies are clearly higher when clinical decision-making is supported by electronic transmission and computer-backed information. Both Tab. I and Fig. 3 do also present still another aspect of the Slovak health system. The average real effi ciency score of university hospitals in the model '2009' is equal to 0.89 for all hospitals and 0.88 for university hospitals only, whereas in the real model '2012' the value is equal to 0.81 for all hospitals and 0.76 for university hospitals only. This is attributable to the reduced funding of state hospitals which fi nally led to the fi nancial turmoil caused by ever-increasing debts and negative cash-fl ows in some hospitals which in turn had to be bailed-out by Slovak government in 2011, but it still did not stop their course. Refer to the HEALTH POLICY INSTITUTE (2013).
DISCUSSION AND CONCLUSIONS
There are two most signifi cant theoretical fi ndings of the DEA analysis in the environment of the Slovak Republic. The fi rst is associated with generally accepted assumption pertaining to achieving returns to scale in larger hospitals with higher number of beds, providing more services, and concentrating highly-qualifi ed working capacities. The second fi nding also proves the results of several studies that e-health tools, when fully implemented, do contribute to higher effi ciencies and allocation of resources in hospitals.
e-Health, as a promising medium of computerization (paperless form of) processes in the healthcare sector, and having been naturally developed in the wake of an ever-more extensive use of ICT in everyday human activities, is a relatively new means shaping the communication processes of healthcare sectors in developed countries today.
The achievement of a better quality and effi ciency performance in the context of e-health implement ation has been proved by several studies. Improvements in availability of health care could also be increased thanks to the multiplier eff ect if resources released from the reduction of costs were reallocated to treat more patients, increase the throughput and reduce waiting time.
On the other hand, this paper lacks assessments of a more thorough analysis aiming at the DEAsuper-effi ciency of hospitals branded as effi cient. This could include the robust effi ciency model being taken into account due to outliers which are caused by e.g. heterogeneity of DMUs or erroneous production assumptions. "Such outliers can reduce the goodness of the estimator for effi ciency". (KUOSMANEN, POST, 1999) There is also a need to further analyse the There is also a need to analyse other hospitals in the region which would make it possible to compare clusters of countries to see how Slovak hospitals perform on international level. Even though a certain level of assessment would be possible, as the approach and results of the study of VARABAYOVA, Y. and SCHREYÖGG, J. (2013) , demonstrate, still the kind of data presented in this paper is generally restricted. Still a windows analysis on the effi ciency separately in small, medium and large hospitals as presented by KAZLEY and OZSCAN (2008) , using the DEA analysis, is possible and will be examined in further studies.
Effi ciency of separate applications is discussed in several studies, with signifi cant positive eff ects (KORST, 2003; TERRY, 2002) or no statistically signifi cant eff ects on the effi ciency of hospitals (KAZLEY, OZCAN, 2008) . Problems also do arise with exact identifi cation when proving the causality between a diagnostic error, expected to be reduced by introducing e-health tools, and direct caseby-case clinical outcomes (SHEKELLE et al., 2013, ch. 35) . Only a holistic approach can bring about desired synergic eff ects expected from the implementation of e-health tools (DANSKY et al., 2009) and complex use of IT in providing healthcare (DEVARAJ, KOHLI, 2003; ANAP, 2010, ch. 4) . 
SUMMARY
Forty-eight Slovak hospitals, out of which thirteen are university hospitals, were analysed to measure the real yearly hospital effi ciency in 2009-2012 and hypothetical hospital effi ciency with basic selected e-health tools implemented in 2009 and 2012. Smaller hospitals showed better effi ciency scores in all models than larger university hospitals which can be explained by several factors -costdemanding diseases being treated in larger hospitals in catchment areas, higher number of patients compared to bed capacity, etc. Six DEA BCC models were run together to measure the economic effi ciency. If all hospitals were electronized in 2009 by means of functioning EHRs, electronic prescription and medication, telemedicine, hospital business-intelligence and computer-backed systems, 25 hospitals would be effi cient compared to 20 hospitals in the same year with real historical effi ciency. Out of 13 university hospitals, wherein most healthcare expenses are allocated, 5 of them would obtain the effi ciency frontier and the remaining ones would come near to it. In 2012, the real hospital effi ciency in providing health care was worse than in 2009 which is primarily attributable to increased indebtedness of Slovak hospitals. With well-functioning electronic healthcare 17 hospitals would be effi cient equally as without e-health tools, but their scores would be signifi cantly higher. It is to be noted that these hypothetical models assume the full implementation of key e-health applications rather than impacts induced by separate tools such as EHR (EMR), e-prescribing, telemedicine and other.
